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DEVELOYMEi_T OF C0_LING FOR L01_G-NOSE AIR-COOLED

ENGINE IN THE NAC_ FULL-SCALE WI_D TUITNEL

By Abe Si!verstein and Eugene R. Guryansky

INTRODSCTION

An investigation of cow!i.:gs for long-nose radial

engines has been made on the Curtiss XP-_2 airrlane in

tile }TAC_ full-._cale wind tunnel. The X_-42 airplane is

provided with a Pratt & ;[hitney R-18Z0-31 eniine, which

has a propeller shaft and bearing housing that is 20

inches longer tl:an the Standard short-nose engine of the

same series. This forward extension of the propeller en-

ables the use of fuselage nose sha_es of higher fineness

ratio than are possible with the blunter short-nose en-

gine _n t_e o_iginal Curtlss Comi_any design of t _

XP-42 airplane the _ointe_ fuselale nose was used (fi_.

l) end sharp-edge scoops were added at the bottom and top

of the cowling for the engine-cooling and the carburetor-

air inlets. Flight tests showed the hitch speed of the

airplane to be co:nparable with, but not superior to, that

of the P-S6, which is a _milar alrFlane ,_ith a short-

nose engine and a conventional N%CA co_iing installation.

Inspection of the cowling scoo_s disclosed sources of

dra&, the existence of which were ,qubst_ntiate_ b:_-;re-

liminar_- I_AC._ flight measurements. These tests shored

that the engine cooling air entered the loner scoop at

about half the airrlane flig!it velocity and that the

klneti_ energy of this .,.low _as dissipated by the shar_

change in the air-flow ___rectio_, at the rear of the scoop

and b_ the expansion fro_ the small scoop area to large

area ahead of the engine. (See fi_Li. 2.)

The existence of a large _nternal energy loss due to

the coollng-a!r flow wan established and experience led

to the b_lief that a further substantial external drag

wo_._ld be added by the flow over the shaw_r_ scoop e._ges.

The full-scale tu:_nel investigation was tLen insti@iated

for the _ur_ose of improving the orificial scoop co_ling

or developing an efficient cowl of another ty_e.

The wind-tunnel _ro{_ram Included an initial investi-

gation of the original p-42 cowling, which was fo!lowe_l
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the smooth alrplsne with the scoop remove_ and the cowling
sealed. AlthougD the internal losses largely accounted
for the di_r,g of the original co_:l, a substantial incre-
ment vJas also added by the sha_ scoo_ eiges. The drag
coefficient for the a_rplane in the sr_ooth condition (fig.
_) served as a b_se v_lue for deter_._Ining the drags of
all the modifications tested.

Ori&il_al cowli_ng __ith m.u!t_le_s_cg_oqs.- In order to
avoid the l_rge inteznal cowl losse._, the single ori6inal
sharp-edge scoop _as re_laced with four smaller rounded
inlet _coops (fig. 4). The use of multiLo!e scoops rather

than a single scoop was advantageous both in obtaining

better diffuser l.assa_es and in avoi&ing the sharp bend

required in the single-scooT_ arrangement. A sketch show-

ing the detailed dimensio;'_s of the ducts is contained in

figure 5(a). T_'.e rgs_lts obtained with this arrangement,

which was designated cowl I, are shown in tabls I.

The results were unsatisfactory since it wa_ found

that the flow was separating from the inner wall of the

duct -_sssages and owing to the negative pressures over

the top of the cowl in the climb condition, the flow

through the up_er scoo_ ws_ reversed. As a result of the

flow breakdov, n in the ducts, the pressure in front of the

engine averaged only about 0.6 the free-stream _ressure

(fig. 6). The air-flow q-lantities measured f,or three

exit areas of 67, 84, and 98 square inches were 3,970,

8,810, and 10,280 cubic feet per minute, respectively.

The dra_ coefficient corres]_onding to the 67-square-inch

outlet area was 0.0023. The drag of the airplane with

the scoop outlets sealed and with the inlets unsealed was

increased 0.0017 above the drag of the smooth airplane.

As a result of tl_e difficulties encountered with the

four-scoop arrangement, the top scoop was removed and the

scoop inlets were extended forward along the co_.l about

ll inches (see fig. 7); with these changes the duct inlet

area u,as considerably reduced. (See fig. 5(b).) The

modifications served to locate the inlet more nearly

normal to the local flow direction and to lengthen the

diffusing passage. The results were somewhat more satis-

factory and the total pressures in front of the engine

were higher than for the former arran_)ement. (See fig.

6.)
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the measured air flo_J was lo _er than required and a larger

bottom outlet was constructed (fig. !l(b)). The cowl dr_g

coefficient for this arrangement was 0.0011 with air flow

of 12,800 cubic feet per minute. This drag is 0.0004

lower than for the cowling with the smooth radial outlet

and is 0.0011 lower than the conventional flap outlet.

The large drag reductions effected with the improved

outlets er_phasize the importance of providing a smooth

outlet on production airplanes. Although the single bot-

tom outlet will probably be insufficient to provide uni-

form cooling for all the engine cylinders, the result ob-

tained with this arrangement is of particular interest as

a reference for evaluating the drag of the outlets.

From pressure measurements in the diffuser of the

annular cowl 2 (fi_. 6), it was noted that the total pres-

sure was less than 0.9 the free-stream dynamic pressure.

Since it was expected that this value would be close to

stream pressure, the flo,7 over the spinner was investi-

gated with tufts. It was found that flow reversal was

occurring on the upper part of the spinner at the inlet.

This phenomenon was further investigated by measurements

of pressures along the spinner, which are sho_'n in fig-

ures 12 and 13. In these figures the magnitude of the

pressure is indlcated as the length of the vector normal

to the s_inner surface. It _ill be noted that a large

adverse pressure gradient exists in the direction of air

flow, the value of which is indicated by the slope of the

pressure plots. For the climb condition the slope iS

high forward or, the spinner and shows a jagged peak ahead

of the cowl inlet. For the high-speed lift coefficient

(C L = 0.150) the adverse pressure gradient is high toward

the forward part of the s_inner and _ decreases several

inches ahead of the nose of the inlet. In agreement with

usual boundary-layer phenomena, the extent of tuft rever-

sal could be coordinated with the slope of the pressure

gradient along the spinner. Further modification was then

made to cowl 2 (fig. 14) to reduce the pressure gradient

along the spinner. The inlet area for the cowling was re-

duced by increasing the spinner size (spinner B, fig. 9)

so that the inlet-velocity ratio (VI/V) was increased

above 0.5. With the higher inlet velocities, the diffuser

pressures were increased to approximately 0.97q o. The

pressures on the spinner corresponding to the two outlet

conditions tested are shown in figures 15 and 16.
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indicates that the critical ccmpress_-bility speed will
occ_r above 500 miles per hour at 20,000 feet altitude.
The uniform recovery pressure on the inside of the d_ct
is dezonstrated in figures 19 and 21.

CO_CLUSIONS

I. The long-nose en_Line enables the design of an
efficient annular inlet cowling owi_g to the length avail-
able for a diffusi_g passage.

2. The ratio of the cooling-air velocity at the
cowling inlet to the stzeam velocity" is one of the most
im?ortant design variables for the annular inlet co_ling
and this ratio should not be less than about 0.5.

3. The critical co:_;re_sibilit_ speed for the long-
nose engine cowlin% can be extended to above 500 miles
per hour at 20,C00 feet altitude•

4. Important @.ra3 losses occur due to the flow of
cooling air out of conventional co_vling outlets with flap
gear and ezhaust collectors to disturb the flow•

Langley }_emorial Aeronautical Laborstory,
National A_visory Committee for Ae_'onautics,

Langley Field, V_.
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TABLE I. - SUMMARY OF RESULTS

doolinK s_atem

Width

outlet

Openlng
(in.)

Sealed

Test conditions

1.49 tandard

Sealed

5/S

3/4

7/S

Sealed :)il oooler open

Sealed 5coops sealed

5/8 " "

5/8 5coops open

3/4 " "

7/8 " "
_ot straightened,

5/8 expansion reduced.

7/8 3_e as 5/8

Sealed

5/S

3/4

7/8

Sealed )tl cooler open
I

51 s {a)

Sealed Nose sealed a

" Bottom exlt open a

. r
Modified bottom exit a

. Modified bottom exit _

upper inlet sealed_

_artial 5/8 Modified bottom exit _

, 5/8 Bottom sealed a

" 7/8 " • a

• 1-1/4 " , a

I Exit
_ea

Sealed

_artlal 5/8

Modified bottom a

w w &

sq in.

167

67

s_

9S

63

98

65

91

70

7S

98

63

72

91

91

136

45

63

90 i

91

].31

ODml n

O. 0192

Dra 8 coefficient
(at I00 mph)

d CD at

0 D at CL=O.i5

OL=O'I5 (b)

0.0203

0.0232 0.0243 O.OO_O

0.0209 0.0220 0.0017

.O212 .O226 •0023

.0210

o.0194

.o196

•0206

.o2o8

.0210

.0211

.o21b

i

0.0200

•0213

.O216

•0209

.o2o4

.O192

.o198

.o199

' •0199

.0202

.0209

0.0199

.020_

•0224 .0021

o.0209 o.oo06

•o2o9 .0006

•O221 .0018

.o2_ .OO21

.0225 .0022

•O224 .O021

•0227 .0024

O.0215 O.OO12 !

.O225 .0022 I

•0230 .0027

• 0222 .oo19

.O218 .oo15

• 0206 .oo03

• o214 .OOli

• 0214 .O011

• 0212 .0OO9

• O216 .oo13

• O22_ . OO21

I ........

O. 0209 0. 0006

.O215 .OO12 I

Air quantity
(cuft per

min at
350 mph)

16,100

6,970

8,_10

10,280

7,33o

10,900

9,160

12,70o

12,O50

13,75o

i7,o0o

12,0_0

9,940

12,gOO

13,55o

8,150

12,I00

18,600

.21 1

• 32 ]

.49 I

0"55 1

Tab le i

Inlet

veloci_
ratio

V 1
W

0.69

io.15

.19

.23

o.23

.9
.28

.39

0.32

• .36

I

.26 ]

• 33 ]

•35 ]

a 0owl flap gear removed and smooth exit installed.

b

Based on smooth condition with original scoop off; landing gear fairing removed; control surfaces unsealed;
and anterb_a on.
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NACA Figs. 1,14

Figure i.- The XP-42 airplane in the standard condition

_r-_ i_
/

Figure 14.- _-e XP-42 airplane in the amcoth condition with

9cowl 2 modified and smooth cowl fAap_.
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NACA Figs. 3,4

Figure 3.- The XP-d2 airplane in the completely smooth condition
mounted in the f_ll-scale tunnel.

_iL_e 4.- The XP-42 airplene in th_ sr_coth condition with cowl 1

and original cowl flaps.
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Fig_Ire 7.- The XP-42 airplane in the smooth condition with cowl 1
modified and original cow! flaps.

!

FiA_ire B.- The XP-42 ai_'plane in the s_octh condition with ccwi 2,

spinner A, and original cowl flaps.
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NACA Fi_. ii

(a) Bottom outlet

(b) Modified bottom outlet

Fig_re II. Cowl outlet on XP-_2 airplane.
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